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C
conflicAbstract—Respiratory variation in the inferior vena cava (DIVC) has been extensively studied with respect to its
value in predicting fluid responsiveness, but the results are conflicting. This systematic review was aimed at inves-
tigating the diagnostic accuracy ofDIVC in predicting fluid responsiveness. Databases includingMedline, Embase,
Scopus and Web of Knowledge were searched from inception to May 2013. Studies exploring the diagnostic per-
formance of DIVC in predicting fluid responsiveness were included. To allow for more between- and within-study
variance, a hierarchical summary receiver operating characteristic model was used to pool the results. Subgroup
analyses were performed for patients on mechanical ventilation, spontaneously breathing patients and those chal-
lenged with colloids and crystalloids. A total of 8 studies involving 235 patients were eligible for analysis. Cutoff
values ofDIVC varied across studies, ranging from 12% to 40%. The pooled sensitivity and specificity in the over-
all population were 0.76 (95% confidence interval [CI]: 0.61–0.86) and 0.86 (95% CI: 0.69–0.95), respectively. The
pooled diagnostic odds ratio (DOR)was 20.2 (95%CI: 6.1–67.1). The diagnostic performance ofDIVC appeared to
be better in patients on mechanical ventilation than in spontaneously breathing patients (DOR: 30.8 vs. 13.2). The
pooled area under the receiver operating characteristic curve was 0.84 (95% CI: 0.79–0.89). Our study indicates
that DIVC measured with point-of-care ultrasonography is of great value in predicting fluid responsiveness,
particularly in patients on controlled mechanical ventilation and those resuscitated with colloids. (E-mail:
zh_zhang1984@hotmail.com)  2014 World Federation for Ultrasound in Medicine & Biology.
Key Words: Fluid responsiveness, Ultrasonography, Variation in inferior vena cava, Critical illness, Mechanical
ventilation, Meta-analysis.
Open access under CC BY-NC-ND license.INTRODUCTION
Fluid management is crucial in the treatment of critically
ill patients, particularly for those with acute circulatory
failure. Accumulating evidence suggests that either hypo-
volemia or fluid overload can lead to poor clinical out-
comes, including prolonged mechanical ventilation,
higher mortality, renal dysfunction and impairment in
oxygenation (Alsous et al. 2000; Boyd et al. 2011;
Corre^a et al. 2012; Murphy et al. 2009). Therefore,ddress correspondence to: Zhongheng Zhang, 351#, Mingyue
Jinhua, Zhejiang Province, China 321000. E-mail:
ng1984@hotmail.com
onflicts of Interest: The authors have indicated that they have no
ts of interest regarding the content of this article.
845many investigators have explored reliable techniques
or biomarkers in the goal of predicting fluid
responsiveness in critically ill patients. The goal of fluid
resuscitation is to maintain sufficient tissue perfusion
while avoiding significant interstitial edema. The
Frank-Starling principle states that the greater the volume
of blood entering the heart during diastole, the greater is
the volume of blood ejected during systole (Saks et al.
2006). This phenomenon, termed fluid responsiveness,
is one of the most reliable parameters in the decision on
whether additional fluid can be given. Many parameters,
for example, central venous pressure, pulse pressure vari-
ation and stroke volume variation, have been evaluated
with respect to their utility in fluid management, using
fluid responsiveness as the reference standard (Saugel
et al. 2013; Suehiro et al. 2012; Yang et al. 2013).
846 Ultrasound in Medicine and Biology Volume 40, Number 5, 2014However, because of the invasiveness and time involved
placing a central venous catheter and making the
measurement, these indices are of limited use in
emergency departments and general wards.
More recently, bedside point-of-care ultrasonogra-
phy has gained popularity; its advantages include non-
invasiveness, rapid diagnosis and low cost (Au and
Vieillard-Baron 2011; Royse et al. 2012). Respiratory
variation in inferior vena cava diameter (DIVC) has
been extensively investigated for its usefulness in the
evaluation of volume status. However, these studies
involved heterogeneous populations, and the results are
conflicting. To clarify these mixed results, we carried
out this systematic review, with the hypothesis that
DIVC as measured by bedside ultrasonography
performs well in predicting fluid responsiveness in
critically ill patients.METHODS
Searching strategy and study selection
We searched the Medline, Embase, Scopus and Web
of Knowledge databases from inception to May 2013.
There was no language restriction. The searched item
consisted of terms related to volume status (including
central venous pressure, fluid responsiveness, volume sta-
tus, right atrial pressure) and terms related to inferior
vena cava (IVC).
Study selection was performed in two phases.
Phase 1 comprised screening for titles and abstracts,
and phase 2, review of the full texts of studies obtained
in phase 1. References in review articles were manu-
ally searched for potential relevant studies. Studies
investigating the diagnostic accuracy of DIVC in pre-
dicting fluid responsiveness were included. Exclusion
criteria were (i) studies measuring IVC with techniques
other than ultrasonography; (ii) studies using central
venous pressure or right atrial pressure as the reference
standard, because these static parameters have been
found to be unreliable for monitoring volume status
(Marik et al. 2008); (iii) studies that did not report
the diagnostic performance of DIVC; (iv) experimental
studies involving animals. Two reviewers indepen-
dently employed the searching strategy; disagreement
was settled by a third opinion at the conclusion of
each phase.
Important information was abstracted from the
included articles in a standardized form by two re-
viewers. Abstracted data included the name of the first
author, publication year, study population, exclusion
criteria, sample size, respiratory pattern, site of IVC
measurement, formula for the calculation ofDIVC, defi-
nition of fluid responsiveness and volume expansion
strategy.Quality assessment
Included studies were assessed for their report qual-
ity based on the Quality Assessment of Diagnostic Accu-
racy Studies (QUADAS) protocol (Whiting et al. 2003).
Spectrum bias was thought to be present when patients
with low-quality images or patients who refused to partic-
ipate in the study were excluded, because we felt that
exclusion of these patients could potentially bias the re-
sults. The reference standard was considered to be correct
when fluid responsiveness was defined as an increase in
stroke volume index, cardiac output or cardiac index, ir-
respective of the techniques used for measurement. Dis-
ease progression bias was thought to be absent if
cardiac performancewas assessed immediately after fluid
challenge. Partial verification bias occurs when some of
the study participants do not receive confirmation of the
diagnosis by the reference standard. Differential verifica-
tion bias occurs when not all of the index test results are
verified by the same reference standard. Description of
index test was adequate if the study explicitly described
the formula used to obtain DIVC, and description of
reference standard was considered to be adequate if the
study explicitly described the method used to evaluate
fluid responsiveness. Un-interpretable/intermediate test
results refer to cases with low-quality ultrasound image.Statistical analysis
Studies reporting estimates of sensitivity and speci-
ficity were included in meta-analysis. Between-study
variation was expected to be significant because of large
variations in the calculation of DIVC, patients and dis-
ease cohorts, study settings and reference standards.
Therefore, we adopted a hierarchical regression model
for meta-analysis of studies reporting diagnostic accuracy
(hierarchical summary receiver operating characteristic),
which allowed for more between- and within-study vari-
ability than other fixed effect approaches (Rutter and
Gatsonis 2001). Pooled statistics, including sensitivity,
specificity, diagnostic odds ratio, positive likelihood ratio
and negative likelihood ratio, were reported. To account
for significant variations in area under the receiver oper-
ating characteristic (AUROC), we adopted a random ef-
fects model to pool AUROCs by using the method of
DerSimonian and Laird, with the estimate of heterogene-
ity from the Mantel-Haenszel model (DerSimonian and
Kacker 2007). All statistical analyses were performed us-
ing Stata 11.2 (College Station, TX, USA). A two-tailed
p , 0.05 was considered to indicate statistical
significance.RESULTS
Our initial search identified 275 citations, 235 of
which were excluded by inspection of the title and
Fig. 1. Flow chart of study selection.
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other irrelevant articles. The full texts of the remaining
40 studies were reviewed to identify potentially relevant
studies. Another 32 studies were excluded: 21 for using
filling pressures as the reference standard to evaluate vol-
ume status, 8 for not reporting diagnostic performance
and 3 for other reasons (Fig. 1). Finally, a total of 8 studies
(Barbier et al. 2004; Brun et al. 2013; Byon et al. 2013;
Corl et al. 2012; Feissel et al. 2004; Machare-Delgado
et al. 2011; Moretti and Pizzi 2010; Muller et al. 2012)
were included in our analysis. Agreement between the
results obtained by independent reviewers was good,
with a k of 0.91.
Characteristics of the included studies are listed in
Table 1. All studies included critically ill patients; one
study (Byon et al. 2013) focused on pediatric patients.
Sample sizes were generally small, ranging from 20
to 40 patients. The total number of patients included was
235. Five studies (Barbier et al. 2004; Byon et al. 2013,
Feissel et al. 2004; Machare-Delgado et al. 2011;
Moretti and Pizzi 2010) enrolled patients on mechanical
ventilation, and two (Corl et al. 2012; Muller et al.
2012) enrolled spontaneously breathing patients; the
remaining one (Brun et al. 2013) did not report the respi-
ratory pattern. With respect to the site of IVC measure-
ment, six studies (Brun et al. 2013; Byon et al. 2013;
Corl et al. 2012; Feissel et al. 2004; Machare-Delgado
et al. 2011; Muller and Pizzi 2012) used the right atriumas the reference, and the remaining two (Barbier et al.
2004; Moretti and Pizzi 2010) used the suprahepatic
vein as the reference. Variations in IVC during the
respiratory cycle were calculated as the difference
between maximum IVC diameter (Dmax) and minimum
IVC diameter (Dmin), normalized by Dmin in three
studies (Barbier et al. 2004; Machare-Delgado et al.
2011; Moretti and Pizzi 2010), by Dmax in two studies
(Corl et al. 2012; Muller et al. 2012) and by
(Dmax 1 Dmin)/2 in three studies (Brun et al. 2013; Byon
et al. 2013; Feissel et al. 2004). Fluid responsiveness
was defined as an increase in cardiac index in three
studies (Barbier et al. 2004; Corl et al. 2012; Moretti
and Pizzi 2010), stroke volume index in three studies
(Brun et al. 2013; Byon et al. 2013; Machare-Delgado
et al. 2011), cardiac output and velocity-time index in
the remaining two studies (Feissel et al. 2004; Muller
et al. 2012). Six studies (Barbier et al. 2004; Brun et al.
2013; Byon et al. 2013; Corl et al. 2012; Feissel et al.
2004; Muller et al. 2012) used ultrasound to assess fluid
responsiveness, one study (Moretti and Pizzi 2010) used
the transpulmonary thermodilution technique to measure
cardiac index and another study (Machare-Delgado et al.
2011) used theVigileomonitor (Edwards LifeSciences, Ir-
vine, CA, USA) to record stroke volume index. Fluid chal-
lenge was performed using plasma in one study (Barbier
et al. 2004), normal saline in two studies (Brun et al.
2013; Machare-Delgado et al. 2011), hydroxyethyl
Table 1. Characteristics of the studies included
Study Population Exclusion criteria
Sample
size Respiratory pattern
Site of IVC
measurement Index test
Reference
standard
Technique for
assessing fluid
responsiveness
Volume
expansion
Barbier et al. 2004 Ventilated; severe
sepsis with
circulatory
failure
Morbidly obese;
poor response to
echo-
cardiography
20 Mechanical
ventilation
(TV5 8.56 1.5
mL/kg; PEEP 5
4 6 2 cm H2O)
Upstream of origin
of suprahepatic
vein
(Dmax –Dmin)/Dmin Cardiac index .
15%
US 7 mL/kg
plasma
expander
Brun et al. 2013 Severe pre-
eclampsia
Cardiac or renal
disorders, age
,18, pre-
eclampsia after
delivery
23 NR Before IVC
junction into
right atrium
(Dmax – Dmin)/
[(Dmax 1 Dmin)/
2]
SVI . 15% US 500 mL
normal
saline
Byon HJ 2013 Mechanically
ventilated
children
Cardiac or
pulmonary
disorder, or
vasoactive and/
or inotropic
support
33 Mechanical
ventilation
(pressure
controlled;
PEEP 5 0)
2 cm from right
atrium
(Dmax – Dmin)/
[(Dmax 1 Dmin)/
2]
SVI . 10% US 10 mL/kg
HES
Corl et al. 2012 Emergency
department
patients
Age , 18 y,
pregnant,
incarcerated,
sustained
significant
trauma or unable
to consent
26 Spontaneously
breathing
3 cm caudad to
right atrial
border
(Dmax – Dmin)/
Dmax
Cardiac index .
10%
US Passive leg
raise
Feissel et al. 2004 Mechanically
ventilated
patients in septic
shock
NR 39 Mechanical
ventilation
(volume
controlled,
TV 5 8–10 mL/
kg)
3 cm from right
atrium
(Dmax – Dmin)/
[(Dmax 1 Dmin)/
2]
Cardiac output .
15%
US 8 mL/kg 6%
HES
Machare-Delgado
et al. 2011
Mechanical
ventilation
requiring
vasopressors
Escalating doses of
vasopressors,
hemodialysis,
ascites, atrial
fibrillation or
heart rate .
120/min
25 Mechanical
ventilation
(assist/control
mode; TV 5 8
mL/kg)
2 cm from right
atrium
(Dmax –Dmin)/Dmin SVI . 10% Vigileo monitor 500 mL
normal
saline
8
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Table 2. Echocardiographic parameters used in the
different studies
Study Equipment Probe
Frequency
(MHz)
Barbier et al. 2004 HDI 3500 CV system, Philips/
ATL, Atlanta, GA, USA
Phased
array
1.67–3.2
Brun et al. 2013 HD 11 XE, Philips/ATL — —
Byon et al. 2013 Vivid 7 Pro, GE Vingmed
Ultrasound, Horten,
Norway
— —
Corl et al. 2012 M-Turbo, Sonosite, Bothell,
WA, USA
Phased
array
—
Feissel et al. 2004 — — —
Machare-Delgado
et al. 2011
M-Turbo, SonoSite — 5
Moretti and
Pizzi 2010
Esaote MyLab 30 CV,
Biosound Esaote, Genoa,
Italy
— 3.5
Muller et al. 2012 Vivid S6 machine, General
Electric, Cleveland, OH,
USA
— —
Respiratory variation in IVC and fluid responsiveness d Z. ZHANG et al. 849starch in four studies (Byon et al. 2013; Feissel et al. 2004;
Moretti and Pizzi 2010;Muller et al. 2012) and passive leg
raise in one study (Corl et al. 2012). Table 2 summarizes
the different echocardiographic parameters used in the
different studies. Quality assessment according to QUA-
DAS criteria is outlined in Table 3. Spectrum bias was pre-
sent in three studies (Corl et al. 2012; Feissel et al. 2004;
Muller et al. 2012). All except one study (Feissel et al.
2004) explicitly described selection criteria. All studies
correctly defined themeasurement of fluid responsiveness.
No study had partial or differential verification bias. All
studies had a detailed description of the index test and
reference standard. Three studies (Corl et al. 2012;
Feissel et al. 2004; Muller et al. 2012) reported poor-
quality ultrasound images, and these un-interpretable re-
sults were excluded from analysis.
The diagnostic performance of DIVC in each study
is provided in Table 4. Six studies (Barbier et al. 2004;
Brun et al. 2013; Feissel et al. 2004; Machare-Delgado
et al. 2011; Moretti and Pizzi 2010; Muller et al. 2012)
reported complete data for meta-analysis. Cutoff values
for DIVC varied across studies, ranging from 12% to
40%. The pooled sensitivity and specificity for the overall
population were 0.76 (95% confidence interval [CI]:
0.61–0.86) and 0.86 (95% CI: 0.69–0.95), respectively.
The diagnostic odds ratio (DOR) was 20.2 (95% CI:
6.1–67.1) (Fig. 2). Diagnostically, DIVC performed bet-
ter in patients on mechanical ventilation than in spontane-
ously breathing patients (DOR: 30.8 vs. 13.2). With
respect to the type of fluid used for fluid challenge,
DIVC appeared to perform better in patients who
received colloids than in those who received normal
saline (DOR: 32.1 vs. 4.9) (Table 5). AUROCs were re-
ported in seven studies (Barbier et al. 2004; Brun et al.
Table 3. Quality assessment of the studies included
Barbier et al.
2004
Brun et al.
2013
Byon et al.
2013
Corl et al.
2012
Feissel et al.
2004
Machare-Delgado
et al. 2011
Moretti and
Pizzi 2010
Muller et al.
2012
Spectrum bias Yes Yes Yes No No Yes Yes No
Selection criteria clearly
described
Yes Yes Yes Yes No Yes Yes Yes
Correct reference standard Yes Yes Yes Yes Yes Yes Yes Yes
Disease progression bias No No No No No No No No
Partial verification bias* No No No No No No No No
Differential verification
biasy
No No No No No No No No
Detailed description of
index test
Yes Yes Yes Yes Yes Yes Yes Yes
Detailed description of
reference standard
Yes Yes Yes Yes Yes Yes Yes Yes
Un-interpretable/
intermediate test results
reportedz
Yes Yes Yes No No Yes Yes No
Participants withdrawn
explained
Yes Yes Yes Yes No Yes Yes No
* Some study participants did not receive confirmation of the diagnosis by the reference standard.
y Not all index test results were verified by the same reference standard.
z Low-quality ultrasound images; exclusion of these cases may potentially distort the final results.
850 Ultrasound in Medicine and Biology Volume 40, Number 5, 20142013; Byon et al. 2013; Corl et al. 2012; Machare-
Delgado et al. 2011; Moretti and Pizzi 2010; Muller
et al. 2012). In four studies (Barbier et al. 2004;
Machare-Delgado et al. 2011; Moretti and Pizzi 2010;
Muller et al. 2012), the AUROC was significantly
greater than 0.5, and in the remaining three (Brun et al.
2013; Byon et al. 2013; Corl et al. 2012), DIVC had no
diagnostic value. Overall, the pooled AUROC was 0.84
(95% CI: 0.79–0.89) (Fig. 3).DISCUSSION
Our study indicates that DIVC is of great value in
distinguishing patients who are fluid responsive from
those who are not. In particular, its ability to distinguish
appears to be better in patients on mechanical ventilation
(vs. spontaneously breathing patients) and in those
receiving colloid fluid loading (vs. normal saline). TheseTable 4. Sensitivity and specificity of DIV
Study
Number of patients
Cutoff
(increase in pTP FP FN TN
Barbier et al. 2004 9 1 1 9 18%
Brun et al. 2013 6 3 6 8 —
Byon et al. 2013 — — — — —
Corl et al. 2012 — — — — —
Feissel et al. 2004 13 1 3 22 12%
Machare-Delgado et al. 2011 8 8 0 9 12%
Moretti and Pizzi 2010 12 0 5 12 16%
Muller et al. 2012 14 3 6 17 40%
AUROC 5 area under the receiver operating characteristic curve; CI
DIVC 5 variation in inferior vena cava; TN 5 true negative; TP 5 true positfindings are clinically relevant because point-of-care ul-
trasonography is becoming increasingly popular, and
DIVC values can be obtained immediately in the emer-
gency or critical care setting. Our study confirms that
fluid resuscitation based on DIVC is feasible and reliable.
To the best of our knowledge, two systematic re-
views (Dipti et al. 2012; Mandeville and Colebourn
2012) have investigated the diagnostic performance of
ultrasonography in predicting fluid responsiveness. The
study by Mandeville and Colebourn (2012) included
two of our eight studies. That study is different from
ours in that the techniques employed to predict fluid
responsiveness differed across component studies, lead-
ing the authors to conclude that meta-analysis was im-
possible because of such significant heterogeneity. In
our study, we selected only studies using DIVC to predict
fluid responsiveness, which significantly reduced hetero-
geneity. The analysis by Dipti et al. (2012) comparedC in predicting fluid responsiveness
value
ercentage) Sensitivity (%) Specificity (%) AUROC (95% CI)
90 90 0.91 (0.84, 0.98)
50 73 0.57 (0.32, 0.82)
— — 0.604 (0.418–0.844)
— — 0.56 (0.31–0.81)
— — —
100 53 0.81 (0.64–0.99)
70.95 100 0.902 (0.733–0.979)
70 84 0.77 (0.60–0.88)
5 confidence interval; FN 5 false negative; FP 5 false positive;
ive.
Fig. 2. Hierarchical summary receiver operating characteristic
(HSROC) plot of DIVC used to predict fluid responsiveness
across all settings. The open circles represent the paired sensi-
tivity and specificity of each component study, with circle size
reflecting the weight assigned to each study. The average sensi-
tivity and specificity estimates from the study results (solid
square) and the 95% confidence region are illustrated. The
95% prediction region represents the confidence region for a
forecast of true sensitivity and specificity in a future study.
Respiratory variation in IVC and fluid responsiveness d Z. ZHANG et al. 851difference in IVC diameter between patients with and pa-
tients without hypovolemia and included none of our
eight studies. The results indicate that IVC diameters
are significantly smaller in hypovolemic patients than in
controls. However, because the predictive value of IVC
was not investigated, this mean difference is of limited
clinical utility. In our study, we included only component
studies investigating the diagnostic accuracy of IVC in
predicting fluid responsiveness. On the other hand, whileTable 5. Pooled diagnostic accurac
Setting (number of studies)
Total number
of patients
Sensitivity
(95% CI)
Overall (6) 179 0.76 (0.61–0.86) 0.
Mechanical ventilation (4) 116 0.81 (0.67–0.91) 0.
Spontaneous breathing (1) 40 0.70 (0.46–0.88) 0.
Colloids for fluid challenge (4) 131 0.76 (0.64–0.86) 0.
Normal saline for fluid challenge (2) 48 0.70 (0.46–0.88) 0.
DOR 5 diagnostic odds ratio.Dipti and colleagues’ study employed the absolute value
of IVC, we used DIVC as the index test. Given good ev-
idence that dynamic parameters are superior to static pa-
rameters in estimating volume status (Marik et al. 2008,
2009; Zhang et al. 2011), we feel that a systematic
review involving DIVC is of greater interest.
Our study indicates that DIVC performs better in
mechanically ventilated patients than in spontaneously
breathing patients. Most probably, spontaneous breathing
differs from mechanical ventilation in that the amplitude
of the intrathoracic pressure swing and of the tidal vol-
ume under spontaneous conditions is unpredictable, and
thus, such functional hemodynamic parameters are less
predictive of fluid responsiveness in spontaneous breath-
ing (Hofer and Cannesson 2011; Teboul and Monnet
2013). Heenen et al. (2006) reported that inspiratory
changes in right atrial pressure failed to predict fluid
responsiveness in spontaneously breathing patients.
Soubrier et al. (2007) also reported that respiratory
changes in systolic pressure and pulse pressure are less
predictive of fluid responsiveness in spontaneous breath-
ing than in mechanical ventilation. A recent study indi-
cated that DIVC is not a valid measure of preload
changes during triggered positive pressure ventilation,
in which patients have made an inspiratory effort that re-
duces intrathoracic pressure (Juhl-Olsen et al. 2012).
Furthermore, the use of positive end-expiratory pressure
decreases the IVC collapsibility index, potentially
increasing the false-negative rate of fluid responsiveness
(Mitaka et al. 1989). Another factor that should be
considered is the type of fluid used for challenge, namely,
colloids versus crystalloids. Conventionally, colloids are
thought to be more powerful for volume expansion. In
contrast, normal saline or other crystalloids do not remain
within vessel for long, particularly in critically ill patients
in whom vascular permeability is markedly increased (De
Backer and Cortes 2012).
Several limitations should be noted in interpreting
the present results. First, all component studies had small
samples. Although the effect of including small studies
on effect size has not been systematically explored in
meta-analysis of diagnostic accuracy studies, somey of DIVC in various settings
Specificity
(95% CI)
Diagnostic odds
ratio (95% CI)
Positive
likelihood
ratio (95% CI)
Negative
likelihood
ratio (95% CI)
86 (0.69–0.95) 20.2 (6.1–67.1) 5.6 (2.2–14.1) 0.28 (0.16–0.47)
87 (0.63–0.97) 30.8 (7.3–130.0) 6.4 (1.9–21.5) 0.21 (0.11–0.39)
85 (0.62–0.97) 13.2 (2.8–62.7) 4.7 (1.6–13.8) 0.35 (0.18–0.71)
92 (0.83–0.98) 32.1 (10.6–96.9) 7.5 (3.4–16.9) 0.29 (0.19–0.44)
61 (0.41–0.79) 4.9 (0.78–30.7) 2.0 (1.2–3.1) 0.36 (0.04–3.4)
Fig. 3. Forest plot indicating the area under the receiver oper-
ating characteristic curve (AUROC) and 95% confidence inter-
val (CI) for individual studies and the combined results.
852 Ultrasound in Medicine and Biology Volume 40, Number 5, 2014evidence suggests that including small studies may over-
estimate effect size (Dechartres et al. 2013; Zhang et al.
2013). Second, component studies in our analysis were
heterogeneous with respect to patient population,
inclusion and exclusion criteria, definition of index test
and fluid responsiveness. To address this issue, we
employed the hierarchical summary receiver operating
characteristic model, which allowed for more between-
and within-study variation. Third, although we performed
subgroup analysis to investigate the impact of covariates
on the final results, the number of studies in each sub-
group was small and the conclusion needs to be validated
in future trials.
In aggregate, our study indicates that DIVC
measured with point-of-care ultrasonography is of great
value in predicting fluid responsiveness, particularly in
patients on controlled mechanical ventilation and in pa-
tients resuscitated with colloids. However, the present
study is limited by the small sample sizes of the compo-
nent studies. Future studies with larger samples should be
conducted to confirm our findings. Additionally, it is of
great interest to examine whether fluid management
guided by DIVC will improve clinical outcomes.
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